Multifunctional GdF 3 :Eu 3+ nanoparticles were synthesized using a hydrothermal method. Photoluminescent excitation and emission spectra, and lifetime were measured. The average lifetime of the nanoparticles is about 11 ms. The nanoparticle exhibits paramagnetism at both 293 and 77 K, ascribing to noninteracting localized nature of the magnetic moment in the compound. The Rare earth ͑RE͒ fluoride was found to be a promising host lattice due to its low phonon energy leading to a minimization of quenching of the excited states. This gives rise to a long luminescent lifetime and high luminescent quantum yields.
Multifunctional GdF 3 :Eu 3+ nanoparticles were synthesized using a hydrothermal method. Photoluminescent excitation and emission spectra, and lifetime were measured. The average lifetime of the nanoparticles is about 11 ms. The nanoparticle exhibits paramagnetism at both 293 and 77 K, ascribing to noninteracting localized nature of the magnetic moment in the compound. The magnetic properties of GdF 3 Rare earth ͑RE͒ fluoride was found to be a promising host lattice due to its low phonon energy leading to a minimization of quenching of the excited states. This gives rise to a long luminescent lifetime and high luminescent quantum yields.
1 Moreover, the ease of substitution of the RE ions by other doping RE ions with the same valence, and the small particles size of the RE fluoride make it appealing to biological applications.
1-3 Magnetic properties of these RE fluoride nanoparticles are crucial to their uses in some biological applications such as bioseparation and magnetic resonance imaging ͑MRI͒. However, hitherto, studies on the RE fluoride nanoparticles mainly focus on morphology control, synthesis conditions, luminescent properties, and biocompatibility. [4] [5] [6] There is little study of the physical mechanisms responsible for their physical properties. A recent report utilizing GdF 3 nanoparticle as a contrast agent for MRI application gave promising results due to its high solubility in a range of solvents, high mass relaxivity ͑i.e., short water-proton relaxation time in MRI͒, and ease of surface modifications for specific imaging needs. 7 However, only relaxation rates were given without detailed characterization of its magnetic properties. The dependences of its magnetization on temperature and applied field were unknown, especially for fluoride nanoparticles with intrinsic luminescent and magnetic properties. In this letter, detailed physical mechanisms elucidating the intrinsic luminescent and magnetic properties of the multifunctional GdF 3 :Eu 3+ nanoparticle are reported. The dependences of the magnetization on temperature and applied field are determined.
GdF 3 : 5% Eu 3+ nanoparticles were prepared using hydrothermal synthesis. Gd͑NO 3 ͒ 3 , Eu͑NO 3 ͒ 3 solutions, and NaF particles were mixed in de-ionized ͑DI͒ water under magnetic stirring. After the NaF was dissolved, the colloidal solution was then transferred to a tightly capped beaker at 80°C for 2 h under magnetic stirring in air. The colloidal solution was then transferred to a hydrothermal autoclave and hydrothermally treated at 180°C under a pressure of about 700 kPa for 18 h. The obtained particle was then separated and cleaned by centrifugation using DI water for three times, and dried at 80°C for 12 h in air. Figure 1 shows an x-ray diffraction ͑XRD͒ pattern of the GdF 3 : 5% Eu 3+ nanoparticles. The diffraction pattern is in good agreement with a JCPDS standard card 8 of an orthorhombic GdF 3 crystal phase and space group Pnma, which also agrees with that reported in the literature. 6 The obtained nanoparticles are mainly composed of elongated nanoparticles, with a small proportion of spherical and nearly spherical nanoparticles. The average length and width of the elongated nanoparticles are around 100 and 50 nm, respectively; while the average sizes of the spherical and nearly spherical nanoparticles are around 40 nm.
Room The nanoparticles were dispersed in DI water under ultrasonic treatment. The corresponding fluorescent microscopy image under UV excitation is shown in the inset of Fig.  2͑a͒ . A red emission is clearly observed, which suggests that the emission intensity of the nanoparticles is adequate for vision in biological applications, e.g., in labeling of cells. The inset of Fig. 2͑b͒ shows a luminescent decay of the 592 nm emission ͑excited at 394 nm͒ with biexponential nature, suggesting the presence of two luminescent decay centers with different probabilities of nonradiative decay. 3, 10 Using the formula for average lifetime ͗͘ = ͑A 1 1 2 + A 2 2 2 ͒ / ͑A 1 1 + A 2 2 ͒, 11 ͗͘ is determined to be 11.0 ms. When the excitation wavelength is changed to 273 nm with all other conditions remained the same, the same biexponential nature and average lifetime of 11.2 ms are obtained, ascribing to the efficient energy transfer in Gd 3+ to Eu 3+ ions. The average lifetime of the GdF 3 : 5% Eu 3+ nanoparticles ͑ϳ11 ms͒ is longer than that reported for the Gd 2 O 3 : 5% Eu 3+ nanoparticle ͑ϳ2 ms͒, resulting from the lower phonon energy in the fluoride host compared to the oxide. The fitting curve and calculated parameters are shown in Table I .
The existence of ferromagnetism of the Gd atom below 289 K motivates us to investigate the magnetic properties of the multifunctional GdF 3 : 5% Eu 3+ nanoparticles, and magnetization as a function of applied magnetic field measured using a vibrating sample magnetometer at 293 and 77 K is shown in Fig. 3 . The nanoparticles at both 293 K ͑applied field range from Ϫ20 to 20 kOe͒ and 77 K ͑applied field range from Ϫ15 to 15 kOe͒ show paramagnetism, unlike the behavior of Gd atoms. The magnetic properties of the Gd 3+ ions come from seven unpaired inner 4f electrons, which are closely bound to the nucleus and effectively shielded by the outer closed shell electrons 5s 2 5p 6 from crystal field. When the Gd 3+ ions react with F − ions to form GdF 3 , the separation between the Gd 3+ ions in the GdF 3 matrix are too far away. Thus, it inhibits sufficient overlap of the orbitals associated with the partially filled 4f electrons shells of the Gd 3+ ions necessary for ferromagnetism. It turns out that the magnetic moments associated with the Gd 3+ ions are all localized and noninteracting giving rise to paramagnetism. 12, 13 Therefore, the GdF 3 :Eu 3+ nanoparticles show paramagnetism even at 77 K, unlike the Gd atom showing ferromagnetism at low temperature.
The magnetic mass susceptibility of the GdF 3 : 5% Eu 3+ nanoparticles at 293 and 77 K are found to be 0.94ϫ 10 −4 and 4.07ϫ 10 −4 emu/ g Oe, respectively. An increase in the magnetic susceptibility at low temperature ͑77 K͒ is due to the reduction in thermal fluctuation, which is a typical behavior in paramagnetic materials described by the Curie's law. The magnetic susceptibility of our nanoparticles at 293 K is comparable to that of the Gd 2 O 3 :Eu 3+ nanoparticles reported in the literature, which again verify the noninteracting localized nature of the magnetic moment. Nanoparticles for bioseparation reported in the literature are mainly superparamagnetic with many different structures, such as magnetic core/luminescent shell assembly, and magnetic-luminescent nanoparticles embedded silica nanocomposites. Among these structures, iron oxides are usually employed for the functional magnetic units with the minimum saturation magnetization reported to be about 3.2 emu/g. 15 Iron oxides are superparamagnetic, however, there is no intrinsic luminescent properties. The magnetic properties of the nanoparticles employing iron oxides are reported to be deteriorated by the outer luminescent shells to a certain extent. 16, 17 In contrast to the iron oxides, the GdF 3 : 5% Eu 3+ nanoparticles exhibit both intrinsic luminescent and magnetic properties. In our experiments, the magnetic properties of the GdF 3 :Eu 3+ nanoparticles are intrinsic to the Gd 3+ ions, which is found to be unaffected by the doping concentration of the Eu 3+ luminescent centers. Although the nanoparticles only exhibit paramagnetism, the magnetization at 20 kOe ͑at 293 K͒ is around 2 emu/g, which is near to the reported value of the nanoparticles used for common bioseparation. 15 Besides, the emission intensity of the GdF 3 : 5% Eu 3+ nanoparticle in DI water is adequate for visual inspection as shown in the inset of Fig. 2͑a͒ . Therefore, the GdF 3 : 5% Eu 3+ nanoparticles may find uses in bioseparation in terms of the closeness in magnetization to reported values and adequate emission intensity in aqueous solutions.
In conclusion, the GdF 3 :Eu 3+ nanoparticles exhibit paramagnetism ascribing to the insufficient overlap of orbitals associated with unpaired 4f electrons shells. Our measurements indicate possibilities of our nanoparticles as biolabels for bioseparation and MRI.
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